The composition of root bark oil from Cleistopholis glauca Pierre ex Engler & Diels growing wild in Ivory Coast was investigated by GC (in combination with retention indices) and 13 C NMR spectroscopy after partition of hydrocarbons and oxygenated compounds on silica gel. Thirty-one compounds have been identified. C. glauca produces a sesquiterpene-rich oil, patchoulenone (33.5%), cyperene (9.5%) and germacrene D (6.6%) being the main components. Special attention was paid to the identification and quantification of germacrene C (a heat-sensitive compound) and -elemene, which were achieved by a combination of GC(FID) and 13 C NMR spectroscopy. The composition of C. glauca root bark and leaf oils differed drastically.
Structural elucidation has been reported of compounds isolated from solvent extracts of C. glauca: oligorhamnosides [3, 4] ; lipids [5] ; terpenes [4, 5] ; a phenyl propanoid [6] ; and a furanic derivative [6] . The chemical composition of C. glauca leaf oil has been recently investigated by our group [7] . Oil samples isolated from leaves collected from individual trees were analyzed by gas chromatography (GC) using a flame ionisation detector (FID), and the compounds were characterized by a combination of retention indices (RI) and 13 C NMR spectroscopy. C. glauca produced a sesquiterpene-rich leaf oil, germacrene D (16.4-46.5%) and (E)-β-caryophyllene (8.0-26.2%) being the major components. In a few samples, monoterpene hydrocarbons were present in appreciable amounts: myrcene (up to 39.7%), β-pinene (up to 24.8%) and α-pinene (up to 16.4%).
In the present paper, we report on the chemical composition of a root bark oil sample from C. glauca, investigated by a combination of chromatographic and spectroscopic techniques and that differed drastically from the leaf oils of the same species. Identification and quantitative determination, by a combination of GC (FID) and 13 C NMR spectroscopy, of a heat sensitive compound, germacrene C, was investigated in detail.
Water distillation of root bark from C. glauca collected in Petit Yapo forest produced an essential oil with a yield of 0.04%, w/w, vs fresh material, much lower than that obtained from leaves (0.16-0.19%) [7] . The root bark oil was first analyzed by GC, in combination with retention indices (RI) on two capillary columns of different polarity and by 13 C NMR spectroscopy following a computerized method developed in our laboratory [8] [9] [10] . The experimental procedure may be summarized as follow: the 13 C NMR chemical shift values of the experimental spectrum are matched against the spectra of reference compounds compiled into two computerized libraries, the first one built with spectra recorded in our laboratory, the second one built with 13 C NMR data reported in the literature. Combined analysis by GC (RI) and 13 C NMR of the essential oil (EO) allowed the identification of the major components and demonstrated that C. glauca root bark oil was a sesquiterpene-rich oil. However, various minor components remained unidentified and some discrepancies appeared between the GC (FID) and NMR analyses, concerning particularly the content of δ-elemene, a compound that may be produced by the plant or that may result from thermal rearrangement of germacrene C, a heat-sensitive compound. We demonstrated that such a rearrangement may occur during GC (FID) and GC-MS analyses [11] . Therefore, the EO was fractionated over a silica gel chromatography column (CC) into a hydrocarbon fraction (FH) and an oxygenated compounds-containing fraction (FO); both fractions were analyzed, once again, by GC (RI) and by 13 C NMR ( Table 1 ).
The major component was patchoulenone (33.5%) (Figure 1 ), a tricyclic sesquiterpene ketone first isolated from the oil of Cyperus rotundus L. [12] and whose 13 C NMR data have been reported later [13] . Sesquiterpene hydrocarbons were well represented by cyperene (9.5%) and germacrene D (6.6%). Camphene (5.2%) was the main monoterpene hydrocarbon and bornyl acetate (4.5%) the major oxygenated monoterpene. Other sesquiterpene hydrocarbons and oxygenated sesquiterpenes usually produced by aromatic plants, such as alismol (2.4%), δ-cadinene (1.7%), epi-cubenol (1.3%), β-copaene (1.1%), (E)-β-caryophyllene (0.6%) and α-cadinol (0.5%), were identified by comparison of their RIs on two columns of different polarity and their 13 C NMR data with those of reference compounds compiled in our laboratory-built library.
NPC Natural Product Communications
Identification of some other components was achieved by comparison of the chemical shift values of the EO spectrum with literature data. For example, two compounds bearing the farnesane skeleton were identified as 10-oxo-(2E,6E)-methyl-farnesoate (31, 0.9%) and juvenile hormone III (30, 1.8%, 10,11-epoxy-3-methylenedodeca-1,6(E)-diene), an insect hormone rarely found in plants. The NMR data of the first one fit with those reported by Seidel et al [14] , who isolated this compound from a stem bark extract of C. glauca. The carbon chemical shifts of juvenile hormone fit perfectly with those reported by Mori and Mori [15] , who synthesized both enantiomers of that molecule. Recently, we reported the occurrence of this hormone in the leaf and trunk bark oils from Cleistopholis patens [11] .
In parallel, it should be mentioned that 1βH,7αH,10βH-guaia-4,11-diene 18 (1.8%) was identified by comparison of its 13 C NMR chemical shifts (in the CC fraction FH and in the EO) with those reported by Blay et al. [16] , who obtained the compound by synthesis. This compound has been simultaneously reported by our groups for the first time as a natural compound in the present work and in Xylopia rubescens leaf oil [17] . Similarly, hinesene (23) was identified by comparison of its NMR data and RI (apolar) with those reported by Joulain and König [18] .
Special mention should be attributed to the identification and quantification of δ-elemene and germacrene C. The sesquiterpene hydrocarbon δ-elemene (8) was identified by GC (FID) and by 13 C NMR spectroscopy. However, its relative percentage attributed by GC (FID) (3.9% in the EO, 9.1% in the CC fraction FH) was overevaluated with respect to the intensities of the corresponding signals in the 13 C NMR spectra. In agreement with our previous investigations on the composition of C. patens trunk bark oil [11] , the 13 C NMR spectra of the EO and the FH fraction of CC exhibited the 15 signals of δ-elemene [18] and the 15 signals of germacrene C (9). It should be mentioned that the 13 C NMR data of germacrene C were reported in C 6 D 6 [19] . Therefore, the spectrum of FH was recorded in C 6 D 6 and in CDCl 3 and the chemical shift values of germacrene C in CDCl 3 are reported in the experimental part. As previously reported [20] , germacrene C thermally rearranges to δ-elemene following a [3.3] sigmatropic reaction (Figure 2 ). Under our experimental chromatographic conditions, the content of δ-elemene evaluated by GC (3.9% in the EO, 9.1% in the CC fraction) corresponded in fact to the sum of δ-elemene and germacrene C. Combining GC percentages of δ-elemene with the ratio of both compounds, evaluated by comparing the mean intensities of their respective signals, allowed a better quantitative determination of δ-elemene and germacrene C: 5.4% and 3.7%, respectively in the CC fraction, 2.3% and 1.6%, respectively in the EO. In parallel we observed the presence of β-elemene (1.5%) and germacrene B (1.0%), while germacrene A and -elemene were not detected by NMR.
In conclusion, the root bark of C. glauca produced a sesquiterpenerich oil, whose composition was dominated by patchoulenone and cyperene. Neither compound has been identified as a component of C. glauca leaf oil that contained mainly germacrene D (16.4-46.5%) and (E)-β-caryophyllene (8.0-26.2%). Combined analysis by GC (RI) and by 13 C NMR spectroscopy allowed the correct identification and quantification of germacrene C, a compound that thermally rearranges to -elemene during GC analysis. 
Essential oil isolation and fractionation:
The bark (1200 g) was submitted to hydrodistillation in a Clevenger-type apparatus for 3 h. The oil was decanted, weighed (0.530 g), and stored in a glass vial at 5°C prior to analysis. An aliquot of the EO (190 mg) was chromatographed on silica gel (ICN, 250-500 µm, 10 g). Two
fractions were eluted with n-pentane (FH, 67 mg) and with diethyl oxide (FO, 97 mg). It should be pointed out that part of the monoterpene hydrocarbons was lost during the removal of solvent under reduced pressure.
GC analysis: GC analysis was carried out with a Perkin-Elmer Clarus 500 Autosystem apparatus equipped with 2 flame ionisation detectors (FID), and fused capillary columns (50 m x 0.22 mm i.d., film thickness 0.25 µm), BP-1 (polymethylsiloxane) and BP-20 (polyethylene glycol). Carrier gas, helium; linear velocity, 0.8 mL/min. The oven temperature was programmed from 60°C to 220°C at 2°C/min and then held isothermal (20 min). Injector temperature: 250°C (injection mode: split 1/60). Detector temperature: 250°C. The relative proportions of the essential oil constituents were expressed as percentages obtained by peak area normalization, all relative response factors being taken as one.
C NMR analysis:
13 C NMR spectra were recorded on a Bruker AVANCE 400 Fourier Transform spectrometer operating at 100.63 MHz for 13 C, equipped with a 5 mm probe, in deuterated chloroform (CDCl 3 ), with all shifts referred to internal tetramethylsilane (TMS). Spectra were recorded with the following parameters: pulse width (PW), 5 µs (flip angle 45°); acquisition time, 2.7 s for 128 K data table with a spectral width (SW) of 24000 Hz (240 ppm); digital resolution 0.183 Hz/pt. The number of accumulated scans was 3,000 for the oil sample and fractions of chromatography (about 50 mg of essential oil in 0.5 mL of CDCl 3 ).
Identification of individual components:
The oil sample and both CC fractions were analyzed by GC (RI) and 13 C NMR. Every component was identified by NMR, at least in one fraction of CC. Identification of most individual components was based: (i) on comparison of their GC retention indices (RI) on apolar and polar columns, determined relative to the retention times of a series of nalkanes with linear interpolation ('Target Compounds' software of Perkin-Elmer), with those of either authentic compounds or literature data [18] , (ii) by 13 C NMR spectroscopy, following the methodology developed and computerized in our laboratories, using home-made software, (see text) [8] [9] [10] . A few compounds have been identified by comparison of their 
